BACKGROUND: Information exchanged during handoffs contributes importantly to a team's shared mental model. There is no established instrument to measure shared clinical understanding as a marker of handoff quality.
OBJECTIVE:
To study the reliability, validity, and feasibility of the pediatric cardiology Patient Knowledge Assessment Tool (PKAT), a novel instrument designed to measure shared clinical understanding for pediatric cardiac intensive care unit patients.
DESIGN:
To estimate reliability, 10 providers watched 9 videotaped simulated handoffs and then completed a PKAT for each scenario. To estimate construct validity, we studied 90 handoffs in situ by having 4 providers caring for an individual patient each complete a PKAT following handoff. Construct validity was assessed by testing the effects of provider preparation and patient complexity on agreement levels.
SETTING:
A 24-bed pediatric cardiac intensive care unit in a freestanding children's hospital.
RESULTS:
Video simulation results demonstrated score reliability. Average inter-rater agreement by item ranged from 0.71 to 1.00. During in situ testing, agreement by item ranged from 0.41 to 0.87 (median 0.77). Construct validity for some items was supported by lower agreement rates for patients with increased length of stay and increased complexity.
DISCUSSION:
Results suggest that the PKAT has high interrater reliability and can detect differences in understanding between handoff senders and receivers for routine and complex patients. Additionally, the PKAT is feasible for use in a real-time clinical environment. The PKAT or similar instruments could be used to study effects of handoff improvement efforts in inpatient settings. Aside from adverse consequences for patients, poor handoffs produce provider uncertainty about care plans. 2, 3 Agreement on clinical information after a handoff is critical because a significant proportion of data is not documented in the medical record, leaving providers reliant on verbal communication. [4] [5] [6] Providers may enter the handoff with differing opinions; however, to mitigate the potential safety consequences of discontinuity of care, 7 the goal should be to achieve consensus about proposed courses of action.
Given the recent focus on improving handoffs, rigorous, outcome-driven measures of handoff quality are clearly needed, but measuring shift-to-shift handoff quality has proved challenging. 8, 9 Previous studies of physician handoffs surveyed receivers for satisfaction, 10 ,11 compared reported omissions to audio recordings, 3 and developed evaluation tools for receivers to rate handoffs. [12] [13] [14] [15] None directly assess the underlying goal of a handoff: the transfer of understanding from sender to receiver, enabling safe transfer of patient care responsibility. 16 We therefore chose to measure agreement on patient condition and treatment plans following handoff as an indicator of the quality of the shared clinical understanding formed. Advantages of piloting this approach in the pediatric cardiac intensive care unit (CICU) include the relatively homogenous patient population and small number of medical providers. If effective, the strategy of tool development and evaluation could be generalized to different clinical environments and provider groups.
Our aim was to develop and validate a tool to measure the level of shared clinical understanding regarding the condition and treatment plan of a CICU patient after handoff. The tool we designed was the pediatric cardiology Patient Knowledge Assessment Tool (PKAT), a brief, multiple-item questionnaire focused on key data elements for individual CICU patients. Although variation in provider opinion helps detect diagnostic or treatment errors, 8 the PKAT is based on the assumption that achieving consensus on clinical status and the next steps of care is the goal of the handoff.
METHODS

Setting
The CICU is a 24-bed medical and surgical unit in a 500-bed free standing children's hospital. CICU attending physicians work 12-or 24-hour shifts and supervise front line clinicians (including subspecialty fellows, nurse practitioners, and hospitalists, referred to as clinicians in this article) who work day or night shifts. Handoffs occur twice daily, with no significant differences in handoff practices between the 2 times. Attending physicians (referred to as attendings in this article) conduct parallel but separate handoffs from clinicians. All providers work exclusively in the CICU with the exception of fellows, who rotate monthly.
This study was approved by the institutional review board at The Children's Hospital of Philadelphia. All provider subjects provided informed consent. Consent for patient subjects was waived.
Development of the PKAT
We developed the PKAT content domains based on findings from previous studies, 2, 3 unpublished survey data about handoff omissions in our CICU, and CICU attending expert opinion. Pilot testing included 39 attendings and clinicians involved in 60 handoffs representing a wide variety of admissions. Participants were encouraged to share opinions on tool content and design with study staff. The PKAT (see Supporting Information, Appendix, in the online version of this article) was refined iteratively based on this feedback.
Video Simulation Testing
We used video simulation to test the PKAT for interrater reliability. Nine patient handoff scenarios were written with varying levels of patient complexity and clarity of dialogue. The scenarios were filmed using the same actors and location to minimize variability aside from content. We recruited 10 experienced provider subjects (attendings and senior fellows) to minimize the effect of knowledge deficits. For each simulated handoff, subjects were encouraged to annotate a mock sign-out sheet, which mimicked the content and format of the CICU sign-out sheet. After watching all 9 scenarios, subjects completed a PKAT for each handoff from the perspective of the receiver based on the videotape. These standardized conditions allowed for assessment of inter-rater reliability.
In Situ Testing
We then tested the PKAT in situ in the CICU to assess construct validity. We chose to study the morning handoff because the timing and location are more consistent. We planned to study 90 patient handoffs because the standard practice for testing a new psychometric instrument is to collect 10 observations per item. 17 On study days, 4 providers completed a PKAT for each selected handoff: the sending attending, receiving attending, sending clinician, and receiving clinician.
Study days were scheduled over 2 months to encompass a range of providers. Given the small number of attendings, we did not exclude those who had participated in video simulation testing. On study days, 6 patients were enrolled using stratified sampling to ensure adequate representation of new admissions (ie, admitted within 24 hours). The sending attending received the PKAT forms prior to the handoff. The receiving attending and clinicians received the PKAT after handoff. This difference in administration was due to logistic concerns: sending attendings requested to receive the PKATs earlier because they had to complete all 6 PKATs, whereas other providers completed 3 or fewer per day. Thus, sending attendings could complete the PKAT before or after the handoff, whereas all other participants completed the instrument after the handoff.
To test for construct validity, we gathered data on participating providers and patients, hypothesizing that PKAT agreement levels would decrease in response to less experienced providers or more complex patients. Provider characteristics included previous handoff education and amount of time worked in our CICU. Attending CICU experience was dichotomized into first year versus second or greater year. Clinician experience was dichotomized into first or second month versus third or greater month of CICU service. Each PKAT asked the handoff receiver whether he or she had recently cared for this patient or gathered information prior to handoff (eg, speaking to bedside nurse).
Recorded patient characteristics included age, length of stay, and admission type including neonatal/ preoperative observation, postoperative (first 7 days after operation), prolonged postoperative (>7 days after operation), and medical (all others). In recognition of differences in handoffs during the first 24 hours of admission and the right-skewed length of stay in the CICU, we analyzed length of stay based on the following categories: new admission (<24 hours), days 2 to 7, days 8 to 14, days 15 to 31, and >31 days. Because the number of active medications has been shown to correlate with treatment regimen complexity 18 and physician ratings of illness severity, 19 we recorded this number as a surrogate measure of patient complexity. For analytic purposes, we categorized the number of active medications into quartiles.
Provider subject characteristics and PKAT responses were collected using paper forms and entered into REDCap (Research Electronic Data Capture; REDCap Consortium, http://project-redcap.org). 20 Patient characteristics were entered directly into REDCap.
Statistical Analysis
The primary outcome measure was the PKAT agreement level among providers evaluating the same handoff. For the reliability assessment, we calculated agreement across all providers analyzing the simulation videos, expecting that multiple providers should have high agreement for the same scenarios if the instrument has high inter-rater reliability. For the validity assessment, we calculated agreement for each individual handoff by item and then calculated average levels of agreement for each item across provider and patient characteristics. We analyzed handoffs between attendings and clinicians separately. For items with mutually exclusive responses, simple yes/no agreement was calculated. For items requiring at least 1 response, agreement was coded when both respondents selected at least 1 response in common. For items that did not require a selection, credit was given if both subjects agreed that none of the conditions were present or if they agreed that at least 1 condition was present. In a secondary analysis, we repeated the analyses with unique sender-receiver pair as the unit of analysis to account for correlation in the pair interaction.
Summary statistics were used to describe provider and patient characteristics. Mean rates of agreement with 95% confidence intervals were calculated for each item. The Wilcoxon rank sum test was used to compare mean results between groups (eg, attendings vs clinicians). A nonparametric test for trend, which is an extension of the Wilcoxon rank sum test, 21 was used to compare mean results across ordered categories (eg, length of stay). All tests of significance were at P < 0.05 level and 2-tailed. All statistical analysis was done using Stata 12 (StataCorp, College Station, TX).
RESULTS
Provider subject types are represented in Table 1 . Handoffs between these 29 individuals resulted in 70 unique sender and receiver combinations with a median of 2 PKATs completed per unique sender-receiver pair (range, 1-15). Attendings had lower rates of handoff education than clinicians (11% vs 85% for in situ testing participants, P 5 0.01). Attendings participating in in situ testing had worked in the CICU for a median of 3 years (range, 1-16 years). Clinicians participating in in situ testing had a median of 3 months of CICU experience (range, 1-95 months). Providers were 100% compliant with PKAT completion.
Video Simulation Testing
Inter-rater agreement is shown in Figure 1 . Raters achieved perfect agreement for 8/9 questions on at least 1 scenario, supporting high inter-rater reliability for these items. Some items had particularly high reliability. For example, on item 3, subjects achieved perfect agreement for 5/9 scenarios, making 1 both the median and maximum value. Because item 7 (barriers to transfer) did not demonstrate high inter-rater agreement, we excluded it from the in situ analysis.
In Situ Testing
Characteristics of patients whose handoffs were selected for in situ testing are listed in Table 2 . Because some patients were selected on multiple study days, these 90 handoffs represented 58 unique patients. These 58 patients are representative of the CICU population (data not shown). The number of handoffs studied per patient ranged from 1 to 7 (median 1). A total of 19 patients were included in the study more than once; 13 were included twice.
Rates of agreement between handoff pairs, stratified by attending versus clinician, are shown in Table 3 . Overall mean levels of agreement ranged from 0.41 to 0.87 (median 0.77). Except for the ratio of pulmonary to systemic blood flow question, there were no significant differences in agreement between attendings as compared to clinicians. When this analysis was repeated with unique sender-receiver pair as the unit of analysis to account for within-pair clustering, we obtained qualitatively similar results (data not shown). Both length of stay and increasing number of medications affected agreement levels for PKAT items (Table 4) . Increasing length of stay correlated directly with agreement on cardiovascular plan and ratio of pulmonary to systemic flow and inversely with indication for anticoagulation. Increasing number of medications had an inverse correlation with agreement on indication for anticoagulation, active cardiovascular issues, and active noncardiovascular issues.
In contrast, there were no significant differences in item agreement levels based on provider characteristics, including experience, handoff education, prehandoff preparation, or continuity (data not shown).
CONCLUSIONS
Our results provide initial evidence of reliability and validity of scores for a novel tool, the PKAT, designed to assess providers' shared clinical understanding of a pediatric CICU patient's condition and treatment plan. Because this information should be mutually understood following any handoff, we believe this tool or similar agreement assessments could be used to measure handoff quality across a range of clinical settings. Under the standardized conditions of video simulation, experienced CICU providers achieved high levels of agreement on the PKAT, demonstrating inter-rater reliability. In situ testing results suggest that the PKAT can validly identify differences in understanding between providers for both routine and complex patients.
The achievement of 100% compliance with in situ testing demonstrates that this type of tool can feasibly be used in a real-time clinical environment. As expected, mean agreement levels in situ were lower than levels achieved in video simulation. By item, mean levels of agreement for attending and clinician pairs were similar.
Our assessment of PKAT validity demonstrated mixed results. On the one hand, PKAT agreement did not vary significantly by any measured provider characteristics. Consistent with the lack of difference between attendings and clinicians, more experienced providers in both groups did not achieve higher levels of agreement. This finding is surprising, and may illustrate that unmeasured provider characteristics, such as content knowledge, obscure the effects of experience or other measured variables on agreement levels. Alternatively, providing the PKAT to the sending attending prior to the handoff, rather than afterward as for the receiving attendings and clinicians, might have artificially lowered attending agreement levels, concealing a difference due to experience.
On the other hand, construct validity of several items was supported by the difference in agreement levels based on patient characteristics. Agreement levels varied on 5/8 questions as patients became more complex, either defined by length of stay or number of medications. These differences show that agreement on PKAT items responds to changes in handoff complexity, a form of construct validity. Furthermore, these findings suggest that handoffs of more chronic or complex patients may require more attention for components prone to disagreement in these settings. Although complexity and longer length of stay are nonmodifiable risk factors, identifying these handoffs as more susceptible to disagreement provides potential targets for intervention.
It is important to move beyond "he said/she said" evaluations to assess shared understanding after a handoff, because high fidelity transfer of information is necessary for safe transfer of responsibility. The PKAT addresses this key component of handoff quality in a novel fashion. Although high-fidelity information transfer may correlate with receiving provider satisfaction, this relationship has not yet been explored. Future studies will evaluate the association between receiver evaluations of handoffs and PKAT agreement, as well as the relationship between PKAT performance and subsequent patient outcomes.
Limitations of this approach include the challenges inherent in reducing a complex understanding of a patient to a multiple-item instrument. Furthermore, PKAT use may influence handoff content due to the Hawthorne effect. Although our analysis rests on the argument that agreement is the goal of a handoff, some differences of opinion within the care team enrich resilience. Regardless, to maintain continuity of care, providers need to reach agreement on the next steps in a patient's care during the handoff. Because we focused only on agreement, this approach does not compare respondents' answers to a verifiable source of truth, if it exists. Therefore, 2 respondents who agree on the wrong answer receive the same score as 2 who agree on the right answer. Other limitations include using the number of medications as a marker of handoff complexity. Finally, conducting this study in a single CICU limits generalizability. However, we believe that all PKAT items are generalizable to other pediatric CICUs, and that several are generalizable to other pediatric intensive care settings. The approach of measuring shared understanding could be generalized more widely with development of items specific to different clinical settings.
Because the PKAT can be completed and scored quickly, it could be used as a real-time measure of quality improvement interventions such as the introduction of a standardized handoff protocol. Alternatively, provider pairs could use the PKAT as a final handoff safety check to confirm consensus before transfer of responsibility. The concept of measuring shared clinical understanding could be extended to develop similar instruments for different clinical settings. 
